Letters
The analysis of animal population numbers is beset with many difficulties. Among these is interpretation of the basic numbers themselves, which only rarely can be considered to be unbiased phenomenological reports. Changes can be influenced by the awareness of the data gatherers that a shift may be under way, which can easily bias their reporting and lead to a self-fulfilling shift of raw facts. For example, if population numbers are determined from collected pelts, such an expectation may cause trappers to shift their target animal, or method of collection, or effort expended. Even the reports of collection officers may be influenced by personal, economic, or company factors. To students of general system theory, who analyze the interactions among disparate parts of a complex system, these changes are examples of second-order cybernetic theory, wherein the observer becomes a critical part of the phenomenon being observed. A well-known example is the stock market: Investor expectations and attitudes are frequently prime factors in market behavior.
In any event, researchers have made considerable efforts to understand the true underlying dynamics of change in animal populations. One outstanding result is the Lotka-Volterra predatorprey equations. Of course, the twocomponent case of these equations is simplistic, and higher trophic levels must be brought into consideration. Thus, in their recent report on snowshoe hare populations, Krebs et al. (2001) consider not only the impact of the Canada lynx but also that of food supplies. No doubt other influences could be included, although Krebs concludes that these would produce only minor effects. They might include cyclic variations of predators other than the Canada lynx, availability of other prey species for those predators, cycles of disease in both predators and prey, parasites, intensity of weather cycles, long-and short-term variations of temperature, wind, and so on.
Because the number of influential factors is large, and in view of the questionable nature of the data, it behooves one to consider the statistical approach taken by others in analogous cases. For example, rather than analyze the wellunderstood but unmanageable interactions between particles in gas or liquid, physicists developed the field of statistical mechanics, in which average behaviors and deviations from those averages are considered. This can led to a remarkably detailed understanding of the behavior of the system, despite its great complexity.
The basis of such methods is the assumption that, within our ability to discern them, the population numbers of concern vary randomly from year to year. The inherent dynamics of the component interactions are so numerous and varied in magnitude and phase that their net effect is just the appearance of a random variation. As will be demonstrated below, insightful application of this approach leads one to infer a 9-to 11-year population cycle.
This idea first came to my attention in 1965 when I was part of a team that reported on microscopic magnetic behavior in ferromagnetic films for computer-memory use (Callen et al. 1965 ). These films were prepared so as to have a preferred direction of their magnetization, M, but microscopic examination revealed that M was also influenced by the randomly oriented anisotropy of individual crystallites in the film. As a result, M fluctuated about the preferred direction, giving the ripple appearance of a wave, with wavelength equal to 4.5 times the crystallite size. In our report, entitled "Magnetization Ripple and Arctic Foxes," we stated It is a property of random number sequences that they appear to have a periodicity. That is, most observers, presented with a graph generated by a sequence of random numbers joined by a smooth curve, will identify the curve as a dominant sinusoid with an overlay of noise. This effect led to the identification of a periodicity in the population of arctic foxes, to the subsequent formulation of various ecological feedback theories to account for this periodicity, and eventually to the rejection of such theories with the recognition (Cole, 1954 (Cole, [1951 ) that the population is essentially random. (Emphasis in original; Callen et al. 1965.) It is easy to show that the mean distance between the maxima in a random number sequence is three units. The numbers are ordinates at unit intervals along the abscissa and joined by a simple curve. Any given point is a maximum if it exceeds in value the two points adjacent to it. But since any of the three points may be the highest (with equal likelihood), the probability of the central point being a maximum is one-third. Thus, one-third of all points are local maxima, and the mean distance between local maxima is three units.
It was also shown that the mean distance between alternate nodes of the perceived sinusoid is four units. First, diminish each number by the mean of the distribution. Then a pair of successive 
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points may have any of the four combinations of sign with equal probability: (+, +), (-, -), (-, +), (+, -). The last two of these correspond to nodes. Hence the probability of a node of positive slope (-, +) is one-fourth. The mean distance between nodes of positive slope is four units.
"Consequently, an observer who interprets every local maximum as a period will estimate a period of three units, whereas one who discounts shallow maxima as the effect of noise or error, but who counts all nodes, will estimate a period of four units. A consensus will occur in the neighborhood of perhaps 3.5 units" (Callen et al. 1965 ). In our paper the measurements were actually of the derivative of the M fluctuations, so that every maximum or minimum coincides to a node of the random changes and hence to three-fourths the number of extrema. Thus the apparent wavelength was four-thirds times 3.5, or 4.6 units.
Much more important, however, is the fact that the peak points themselves constitute a subset of random numbers, which has its own "superperiodicity." The above considerations indicate that this should have a mean value between 9 and 12 abscissa units. This is too close to the reported 10-year cycle of snowshoe hares to be ignored.
Great care must be exercised in interpreting these remarks. The great amount of work by reputable scientists in the study of animal populations is not to be taken lightly. Certainly the influences and effects they consider are significant. However, the full complexity of the real situation must make one wary of models that appear to reduce the analysis to only a few factors. The random hypothesis should at least be considered, and tests made of data, to strengthen or eliminate it, for example, by using statistical distribution functions (Callen et al. 1965) . A similar situation is the extremely well-analyzed case of solar activity: Adjusted sunspot numbers and other measures of solar activity display a 9-to 11-year cycle, which appears to be reflected in earthly climate cycles (Lean and Rind 2001).
As Albert Einstein said, "We should make our explanations as simple as possible, but no simpler."
RICHARD L. COREN Emeritus Professor Electrical and Computer Engineering Department
Drexel University Philadelphia, PA 19104 Response from Krebs: I am indebted to Professor Coren for raising the issue of the role of random processes in the 10-year cycle of snowshoe hares and their predators in the boreal forest. Ecologists all recognize the role of random or stochastic processes in population dynamics, and their general approach to the problem has taken two directions. First, to avoid the problem Professor Coren calls the "questionable nature of the data," we have all tried to devise methods (Krebs 1999) for estimating population parameters (such as density) that remove error bias and are accurate and precise. Recent data thus avoid many of the problems of the older data based on fur returns and guesstimates. Second, we begin with the assumption that population numbers do not vary randomly from year to year but have some mechanistic explanation. Sequences of random numbers do indeed fluctuate in cycles of the right 10-year period, as Cole (1951 Cole ( , 1954 and Professor Coren have pointed out, but because the amplitude of the resulting cycles does not match the observed biological cycles of hares and their predators, the randomness explanation was abandoned.
In searching for mechanisms, we have focused our snowshoe hare studies on the roles of predation and food supply. We try to understand what happens by studying the components of the community that impinge on hare reproduction and mortality, and to put together a quantitative picture of who is eating whom, and when. If this arithmetic adds up, as it does for our studies, we are confident that we have identified the major mechanisms behind the cycle in numbers. If the arithmetic does not add up, we begin to look for other factors such as competing species, occasional predators, or sporadic weather events. If we cannot study these other factors individually, we group them as "noise" and may conclude that their impacts occur like a random sequence.
We do not, therefore, begin with a randomness model, as Professor Coren does, because we wish to produce a mechanistic explanation of the hare cycle. The key test between these two different approaches to cycles is to repeat these studies on a second and a third cycle. If the biological mechanisms change from cycle to cycle, we would conclude that randomness of mechanism plays a key role, as Professor Coren suggests. We argue from our research that the hare cycle results from the interaction of two major ecological mechanisms-predation and food-and that randomness plays a minor role.
